Recent measurements of stellar orbits 1-3 provide compelling evidence that the compact radio source Sagittarius A* (refs 4, 5) at the Galactic Centre is a 3.6-million-solar-mass black hole. Sgr A* is remarkably faint in all wavebands other than the radio region 6, 7 , however, which challenges current theories of matter accretion and radiation surrounding black holes 8 . The black hole's rotation rate is not known, and therefore neither is the structure of space-time around it. Here we report high-resolution infrared observations of Sgr A* that reveal 'quiescent' emission and several flares. The infrared emission originates from within a few milliarcseconds of the black hole, and traces very energetic electrons or moderately hot gas within the innermost accretion region. Two flares exhibit a 17-minute quasi-periodic variability. If the periodicity arises from relativistic modulation of orbiting gas, the emission must come from just outside the event horizon, and the black hole must be rotating at about half of the maximum possible rate.
During observations of the Galactic Centre with the new Very Large Telescope adaptive optics (AO) imager NACO 9,10 on 9 May 2003, we observed a powerful flaring by a factor of 5 in the H-band (1.65-mm) emission towards SgrA* ( Fig. 1 , Table 1 ). The flare lasted for 30 min. Its rise and decay can be well fitted by an exponential of timescale 5 min. In a second observing run in June 2003, we observed two more flares on two consecutive days, this time in the K s band (2.16 mm). The K-band flares rose to a factor of 3 above the quiescent level, and each lasted for ,85 min. Their characteristic rise/decay times were 2 to 5 min. Both flares exhibited significant and similar temporal substructure (Fig. 2 ). The 16 June flare showed five major peaks spaced by 13 to 17 min, resembling a 15-40%, quasi-periodic modulation of the overall flare profile. The 15 June flare had three major peaks separated by 14 and 17 min, followed by a weaker peak 28 min later.
The power spectrum analysis for both flares (Fig. 2 ) exhibits a significant peak with a time period of 16.8^2 min, thus confirming the reality of the structure seen directly in the light curves. The comparison star S1 clearly does not show such a quasi-periodic structure. However, the question arises whether this periodicity is truly a fundamental and significant property of all SgrA* flares 11 , or whether it is caused by fluctuations in a 'red noise' power spectrum. More data will tell, but the fact that two events separated by about 93 periods show similar substructure is very suggestive. Because of the lack of continuous time coverage, we cannot make a statement on the substructure of the May H-band flare. Finally we found a fourth flare in re-analysing earlier archival L 0 -band (3.76-mm) NACO data taken on 30 August 2002. This flare rose to 70% above the quiescent emission ( Fig. 2 ), and had a decay time of ,10 min. The infrared flares all originated from within a few milliarcseconds, or a few hundred Schwarzschild radii, of the black-hole position ( Table 1) . That position was determined from the focus of the best-fitting Kepler orbit of the star S2 1,3 .
Before and after the strong flares and in further images taken in H, K s and L 0 in August 2002 and in March, May, June and July 2003, we also detected a 'quiescent' source towards the position of SgrA* ( Table 1 ; see also Y. Clenet, D.R., D. Gratadour, E. Gendron, F.L., A. M. Lagrange, G. Rousset, R.G. & R.S., manuscript in preparation). The source is spatially unresolved, and exhibits small-amplitude variability (20-60%) on a scale of 20-30 min. It is not clear whether this variability also has some kind of periodicity. The H-band observations of 16 June may have several peaks spaced by ,28 min. Similar spacings are seen in the off-flare structure on 15 and 16 June (Fig. 2) . Hour-to-week-scale variability of the SgrA* L 0 -band emission was also discovered in May and June 2003 at the Keck telescope 12 . It might thus also be appropriate to interpret the SgrA* infrared emission as exhibiting a range of variability amplitudes and timescales of which the observed flares are just the most extreme at present. Wire-grid K-band polarimetry taken on 14 June 2003 shows that the 'quiescent' source is significantly more polarized than the average of stars in its immediate vicinity. More calibration needs to be carried out before a precise value and position angle can be quoted. The quiescent source is coincident letters to nature with the position of the black hole to within 10-20 mas, where the accuracy is limited by its faintness and proximity to S2.
It is highly unlikely that the source is a star projected along the line of sight towards SgrA*, given that it is variable, polarized and coincident with SgrA* in four epochs between March and July. For Flux densities were extracted from the Lucy deconvolved and beam restored images with two aperture sizes. Error bars (^1j) indicate the combined statistical and systematic uncertainties. SgrA* data are shown as filled blue circles (connected with a solid curve). For comparison, the light curves of the nearby star S1 are shown as light red crosses (0.2 00 southwest of SgrA*, left panel of Fig. 1 ). S1 has flux densities comparable to the SgrA* flare state. In all cases the times are relative to the UT time listed above each graph. Arrows in d and e mark the substructure peaks discussed in the text. a, Light curve of the 30 August L 0 -band flare. As S2 and SgrA* cannot be spatially separated in this epoch, we have subtracted 8.8 mJy to account for the contribution of S2. b, Light curve of the 9 May H-band flare. The gap in the data between t 2 t 0 ¼ 23 and 37 min was due to sky observations during that time. c, Power spectra of the flares in panels d and e, and S1, normalized by their high frequency noise. d, K s -band light curve on 15 June 2003. Between t 2 t 0 ¼ 37 and 46 min, the AO system was not operational. Because of our choice of the dichroic for the AO system, the signal-to-noise ratio of this flare is not as good as in the 16 June flare. For better presentation, the flux densities of S1 were multiplied by a factor of 2. e, K s -band light curve on 16 June 2003. The time structure of this flare may have the tendency to chirp (periods decrease with time).
that the flares are due to gravitational microlensing of cusp stars by the black hole. The lensing rate is predicted to be several orders of magnitude smaller than the observed flaring rate 14 . It is unclear whether our high flare rate is consistent with the previous limits on the infrared activity of SgrA* 7 . Most of the previous studies relied on speckle imaging, for which integration times of $10 min (a significant fraction of the flare duration) were required to confidently detect a source at the measured flux densities. A retroactive analysis of some of our best data in the mid-1990s gives an inconclusive answer as to whether such variability was or was not present. SgrA* may be more active at present than in the past decade. Figure 3 summarizes the radio to X-ray spectral energy distribution (SED) of the emission from SgrA*, for both states. The quiescent infrared SED is red, with flux densities decreasing with frequency. Taking into account the variation in 'quiescent' L 0 -band flux from 2002 to 2003 (Table 1) , the inferred 1.6-3.8 mm SED has a power-law spectral index of 22.1 (^1.4). As predicted by a number of models [15] [16] [17] [18] , the 'quiescent' infrared flux densities lie approximately on the extrapolation of the millimetre/submillimetre synchrotron emission to high energies, in accordance with a standard power-law synchrotron SED. Our detection of polarization is also consistent with the synchrotron model. Models with only a thermal population of electrons 15, 16 underpredict the infrared emission, whereas models with an additional non-thermal, power-law com-ponent of energetic electrons (g e ¼ E e /m e c 2 $ 10 2.5 , where E e and m e are the energy and mass of the electron; ref. 17) come closer to, but are still below, the observed emission.
The observed infrared and X-ray flare durations, rise/decay times and band luminosities are similar ( Fig. 3; refs 13, 19, 20) . The higher fractional flare amplitudes in X-rays are probably just a reflection of the much fainter quiescent emission. Although the millimetre/ submillimetre emission of SgrA* is also variable, almost all of these variations are on timescales of several days to a few hundred days 21, 22 . One exception is a one-hour-duration, 30% amplitude event seen in March 2000 at a wavelength of 2 mm (ref. 22 ). Although we do not have a simultaneous SED of the infrared flares, our data suggest that they may be bluer than the quiescent emission with a flux density that is approximately constant as a function of frequency (Fig. 3) . The infrared flares may be synchrotron emission as well, if turbulence, magnetic reconnection or shocks are effective in accelerating for short periods a significant fraction of the energetic electrons to g e $ 10 3 (Fig. 3; ref. 17 ). In that case, the increased emission is due to an acceleration event, similar to a solar flare, rather than enhanced accretion 17, 18 . Models with suitably upscaled fractions of very energetic electrons may account for the luminosities/fluxes of the infrared flares (as well as the 'quiescent' emission).
However, if the observed flare fluxes do represent the intrinsic SED of the flare, an alternative emission mechanism is required. In that case, the infrared flares may be thermal bremsstrahlung or black-body radiation from a second component of moderately hot gas (temperature in excess of a few times 10 3 K) associated with individual accretion events of very dense gas, of total energy release $10 39.5 erg (for an assumed radiation efficiency of ,10%, this energy requires an accreted mass of a few times 10 19 g, comparable to that of a comet or a small asteroid), while the observed radio/ submillimetre emission in that case would come from a jet or be optically very thick. A key future test of the two alternatives will be measurements of the simultaneous infrared flare SED and polarization. The flares' location close to the central black hole, as well as the temporal substructure, poses a serious challenge to models in which the flares originate from rapid shock cooling of a large-scale jet, or are due to passages of stars through a central accretion disk 23 .
The few-minute rise and decay times, as well as the quasiperiodicity, strongly suggest that the infrared flares originate in the innermost accretion zone, on a scale less than ten Schwarzschild radii (the light travel time across the Schwarzschild radius of a 3.6-million-solar-mass black hole (1.06 £ 10 12 cm) is 35 s). If the substructure is a fundamental property of the flow, the most likely interpretation of the periodicity is the relativistic modulation of the emission of gas orbiting in a prograde disk just outside the last stable orbit (LSO) 24 . If the 17-min period can be identified with this fundamental orbital frequency, the inevitable conclusion is that the Galactic Centre black hole must have significant spin. The LSO frequency of a 3.6-million-solar-mass, non-rotating (Schwarzschild) black hole is 27 min. Because the prograde LSO is closer in for a rotating (Kerr) black hole, the observed period can be matched if the spin parameter is J/(GM BH /c) ¼ 0.52 (^0.1,^0.08,^0.08, where J is the angular momentum of the black hole); this is half the maximum value for a Kerr black hole 25, 26 . (The error estimates here reflect the uncertainties in the period, black-hole mass (M BH ) and distance to the Galactic Centre 3 , respectively; G is the gravitational constant.) For that spin parameter, the last stable orbit is at a radius of 2.2 £ 10 12 cm. Recent numerical simulations of Kerr accretion disks indicate that the in-spiralling gas radiates most efficiently just outside the innermost stable orbit 27 . Our estimate of the spin parameter is thus a lower bound.
Other possible periodicities, such as acoustic waves in a thin disk 28 , Lense-Thirring or orbital node precession are too slow for explaining the observed frequencies for any spin parameter 25 . (The 28-min timescale of the quiescent emission corresponds to a radius 1j. Black triangles denote the quiescent radio spectrum of SgrA* 18, 21 . Open grey circles denote various infrared upper limits from the literature 18 . The three X-ray data ranges are (from bottom to top) the quiescent state as determined with Chandra 6 (black), the autumn 2000 Chandra flare 19 (red) and the autumn 2002 XMM flare 20 (light blue). Open red squares with crosses mark the peak emission (minus quiescent emission) observed in the four flares (Table 1 ; note that the measurements were taken at different times). Open blue circles denote the dereddened H, K s and L 0 luminosities of the quiescent state, derived from the local background subtracted flux density of the point source at the position of SgrA*, thus eliminating the contribution from any extended diffuse light from the stellar cusp around the black hole. Values plotted are from Table 1 (average of 2002-03 in the case of L 0 band). The thick green solid curve is the jet-starved disk model 15 of 3.2 £ 10 12 cm for a prograde orbit of J/(GM BH /c) ¼ 0.52; the last stable retrograde orbit for that spin parameter has a period of 38 min at a radius of 4 £ 10 12 cm). Lense-Thirring precession and viscous (magnetic) torques will gradually force the accreting gas into the black hole's equatorial plane 29 . Recent numerical simulations indicate that a (prograde) disk analysis is appropriate to first order even for the hot accretion flow at the Galactic Centre 27 . A
